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Nicotinea b s t r a c t
Differences in length and circumference of cigarettes may inﬂuence smoker behaviour and exposure to
smoke constituents. Superslim king-size (KSSS) cigarettes (17 mm circumference versus 25 mm circum-
ference of conventional king-size [KS] cigarettes), have gained popularity in several countries, including
Russia. Some smoke constituents are lower in machine-smoked KSSS versus KS cigarettes, but few data
exist on actual exposure in smokers. We investigated mouth-level exposure (MLE) to tar and nicotine in
Russian smokers of KSSS versus KS cigarettes and measured smoke constituents under machine-smoking
conditions. MLE to tar was similar for smokers of 1 mg ISO tar yield products, but lower for smokers of
4 mg and 7 mg KSSS versus KS cigarettes. MLE to nicotine was lower in smokers of 4 mg KSSS versus
KS cigarettes, but not for other tar bands. No gender differences were observed for nicotine or tar MLE.
Under International Organization for Standardization, Health Canada Intense and Massachusetts regimes,
KSSS cigarettes tended to yield less carbon monoxide, acetaldehyde, nitric oxide, acrylonitrile, benzene,
1,3-butadiene and tobacco-speciﬁc nitrosamines, but more formaldehyde, than KS cigarettes. In sum-
mary, differences in MLE were observed between cigarette formats, but not systematically across pack
tar bands.
 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Differences in the length and circumference of cigarettes may
inﬂuence smoker behaviour and exposure to cigarette smoke con-
stituents. It has been shown that smokers of 100 mm length ciga-
rettes demonstrated a higher mouth-level exposure (MLE) to tar
and nicotine than smokers of similar machine-derived yield king-
size (83–85 mm length) cigarettes (St Charles et al., 2010; Nelson
et al., 2011). Additionally, higher tar and nicotine MLE was
observed in smokers of Canadian king-size (84 mm length) ciga-
rettes than in smokers of similar machine-derived yield Canadian
regular (72 mm length) cigarettes (Côté et al., 2011).
Two studies have reported on the effect of cigarette circumfer-
ence on the exposure of smokers to cigarette smoke constituents.
St Charles et al. measured MLE to tar and nicotine in smokers of
different US cigarettes. They reported a marginally lower mean
MLE to tar for smokers of a 17 mm circumference, 100 mm length
cigarette compared with that seen in smokers of a similar machine
yield 24 mm circumference, 100 mm length cigarette (St Charles
et al., 2010). In contrast, a study conducted among Romaniansmokers reported no signiﬁcant differences in MLE to tar and nic-
otine between smokers of conventional (25 mm circumference)
and superslim (17 mm circumference) cigarettes of similar length
and International Organization for Standardization (ISO) tar and
nicotine yields (Ashley et al., 2011).
The mainstream machine-smoke emissions of six superslim
(17 mm circumference) Canadian cigarette brands were compared
with predicted emission data obtained from the Canadian Bench-
mark (Siu et al., 2013). The Canadian Benchmark is produced annu-
ally and is based on regression equations between the tar yields
and the yields of a range of smoke analytes obtained from a mini-
mum of 28 conventional circumference cigarettes from the Cana-
dian market. This study reported lower mainstream smoke
emissions per cigarette of carbon monoxide, carbonyls, volatiles
and aromatic amines, but higher emissions of some smoke constit-
uents such as formaldehyde, for the superslim products compared
with the Canadian Benchmark. A subsequent study by the same
group examined toxicological endpoints in response to exposure
to cigarette smoke from superslim cigarettes (Mladjenovic et al.,
2014) and noted reductions in the toxicity per mg total particulate
matter (TPM) and per mg nicotine of the derived smoke, poten-
tially as a consequence of the lower toxicant levels in these ciga-
rettes. As a result, the authors of these two papers have
expressed a concern that superslim cigarettes may be considered
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ence cigarettes. Although the superslim cigarettes generated lower
machine-derived emissions, lower emission levels are not neces-
sarily linked to a reduction in smokers’ exposure to cigarette
smoke constituents or to a reduced health risk. Therefore it is
important to examine the exposure of smokers to mainstream
smoke constituents from superslim cigarettes.
The primary aim of this study was to determine the effect of cig-
arette circumference (17 mm versus 25 mm) on smokers’ MLE to
tar and nicotine. We also measured smoke constituents under
ISO, Health Canada Intense (HCI) and Massachusetts machine-
smoking regimes. A further aim of the study was to measure smok-
ers’ pufﬁng topography, in order to determine whether different
physical parameters of cigarettes, such as cigarette pressure drop
or draw resistance resulting from the reduction in cigarette cir-
cumference, inﬂuence pufﬁng behaviour. The study was carried
out in a Russian population due to the popularity of the superslim
cigarette in this market.2. Methods
2.1. Study products
We compared a king-size superslim (17 mm diameter; KSSS)
with a conventional king-size product (25 mm diameter; KS)
within the ISO pack tar bands of 1 mg, 4 mg and 7 mg. All products
included in the study were commercially available and conformed
to British American Tobacco standard manufacturing speciﬁca-
tions. Each product was sourced from a single batch.2.2. Study participants
A market research agency recruited a target of 60 healthy male
and female smokers in approximately equal numbers to each of the
six product groups described in Section 2.1. Full inclusion/exclu-
sion criteria are provided in the Supplementary Information. In
brief, participants eligible for inclusion in the study were aged
between 21 and 50 years, had a self-reported average cigarette
consumption of at least ten cigarettes per day of one of the study
products and were required to have been smoking their usual
brand for at least 6 months. Womenwere excluded if they reported
that there was any possibility that they were pregnant. All partic-
ipants were screened using a written questionnaire and provided
written informed consent prior to the study.2.3. Study protocol
Participants were required to attend three visits at a study site
in Moscow over a 12 day period. At visit 1 (Day 1), all participants
who met the inclusion criteria were briefed on the study protocol.
Participants were provided with diaries in which to record daily
cigarette consumption of cigarettes purchased themselves. Diaries
covered consecutive days, labelled from Monday to Sunday (Days
2–8) and participants were provided with instructions on how to
record the number of cigarettes they smoked each day. On Day 9,
participants returned for visit 2 with the completed cigarette con-
sumption diaries and each participant was provided with a ﬁlter
cutter, training and instructions for cigarette-ﬁlter collection and
sufﬁcient cigarettes of their usual product to smoke on Days 10
and 11. Participants were asked to smoke the supplied cigarettes
in their normal manner and environment, and to collect a mini-
mum of 15 ﬁlters from the spent cigarettes. They were instructed
only to collect ﬁlter tips from the cigarettes supplied. On Day 12,
participants attended visit 3 to assess pufﬁng topography and toprovide the collected ﬁlters, which were then stored at 4 C prior
to part-ﬁlter analysis.
2.4. Analytical methods
2.4.1. Mouth-level exposure to tar and nicotine
Part-ﬁlter analysis was used to estimate smokers’ MLE to tar
and nicotine, as previously described (St Charles et al., 2009). In
brief, the estimation of MLE relies on the relationship between
the amount of tar and nicotine delivered to the smoker and the
amount retained within the ﬁlter of the cigarette, as deﬁned by cal-
ibration smoking.
Each participant’s spent ﬁlters collected in the ﬁlter cutters
were split randomly into three replicates each containing ﬁve tips,
which were analysed independently on different days. The length
of each ﬁlter tip was measured (±0.1 mm), and recorded before
being extracted in methanol containing n-heptadecane as an inter-
nal standard (Ashley et al., 2011). The extracts were analysed for
tip nicotine and tar using gas chromatography and ultraviolet
(UV) absorbance (using a variable wavelength detector set at
310 nm as described previously (St Charles et al., 2009)), respec-
tively. Calibration data were produced by machine smoking each
product over a wide range of typical human smoking behaviour
parameters.
MLE to nicotine was estimated for each replicate using the tip
nicotine values measured from the smoker’s spent ﬁlters and the
linear regression equation obtained by plotting mainstream smoke
nicotine yield versus tip nicotine data obtained during calibration
smoking. Similarly, MLE to tar was estimated using the UV absor-
bance per tip data from the smoker’s spent ﬁlters and the linear
regression equation derived by plotting mainstream smoke nico-
tine-free dry particulate matter (NFDPM [tar]) yield versus UV
absorbance per tip during calibration smoking.
2.4.2. Smoke constituent yields
Mainstream smoke yields of NFDPM (tar), nicotine, carbon
monoxide and selected Hoffmann analytes were measured using
ISO, Massachusetts and HCI machine-smoking regimes. These
regimes, along with descriptions of the analytical methods used
to measure smoke constituents in the present study, have been
described in detail previously (McAdam et al., 2011, 2012) and
on the British American Tobacco science website (www.bat-
science.com).
2.4.3. Pufﬁng topography
Pufﬁng topography (puff volumes, intervals between puffs and
number of puffs) was analysed by providing each participant with
two cigarettes of their usual product which they were requested to
smoke through a smoking analyser, with an interval between each
cigarette of at least 20 min. Pufﬁng topography data were recorded
using a proprietary portable smoking analyser (SA7; developed in
collaboration with C-Matic Limited, Crowborough, UK). The SA7
consists of a cigarette holder, with a unidirectional pressure trans-
ducer. The pressure transducer detects a pressure change across an
oriﬁce (2 mm), which is proportional to the ﬂow rate (Slayford
et al., 2012).
2.5. Data analysis
Minitab 16 statistical software (Minitab Inc., PA, USA) was used
to conduct statistical analysis. MLE data are presented as
mean ± standard deviation (SD). The physical characteristics of cig-
arettes and smoke toxicant data from machine-smoking regimes
are presented as mean values. Analysis of variance general linear
model (ANOVA GLM) was used to compare smokers’ MLE and puff-
ing topography data by smoker group. Where a signiﬁcant differ-
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the source of the difference.
3. Results
3.1. Study products
The physical characteristics of the study cigarettes are shown in
Table 1. Other than differences in dimensions between study ciga-
rettes, the cigarette types exhibited other notable differences. The
KSSS cigarettes contained 41–52% less tobacco than the KS prod-
ucts. All cigarette types had a carbon ﬁlter, but the number of seg-
ments in the ﬁlter differed. The 1 and 4 mg KS products had three
ﬁlter sections, compared with the 7 mg KS and all KSSS products,
which had two ﬁlter sections. Additional design characteristics,
such as ventilation, differed to produce the speciﬁed tar and nico-
tine yields under the ISO machine-smoking regime.
3.2. Study participants
Demographic characteristics of study participants were similar
between product groups (Table 2). In each group, male and female
participants were recruited to the study in approximately equal
numbers.
3.3. Mouth-level exposure to tar and nicotine
MLE to tar and nicotine per cigarette were greater for all study
products in smokers than the yields achieved under the ISO
machine-smoking regime. Variations in smoking behaviour
resulted in a range of MLE values per study product (Table 3; Figs. 1
and 2).
MLE to tar was similar in smokers of 1 mg KS and 1 mg KSSS
cigarettes, and was signiﬁcantly lower than for smokers of any
4 mg or 7 mg products. However, within the 4 mg and 7 mg
groups, smokers of the KSSS products had signiﬁcantly lower
MLE to tar than smokers of the KS products. Smokers of 4 mg KS
and 7 mg KSSS products obtained statistically similar MLE to tar.
For MLE to nicotine, no statistically signiﬁcant differences were
found between smokers of the KSSS and KS products within the 1
and 7 mg groups. However, within the 4 mg group, smokers of the
KSSS product had signiﬁcantly lower MLE to nicotine than smokers
of the KS product. Smokers of the 1 mg KS product had a similarTable 1
Physical characteristics of study products.
Characteristic KS 1 mg KSSS 1 mg
Filter carbon (mg)* 46 16
Pack tar (mg/cig) 1 1
Tobacco blend total alkaloids (DWB %) 2.53 2.24
Filter type Triple Dual
Mouth section (mm) 8.0 11.0
Middle section (mm) 12.0 –
Tobacco end section (mm) 7.0 16.0
Ventilation (%) 75.9 85.5
Paper permeability (CORESTA) 48.6 22.4
Cigarette PD-open (mmWG) 104.9 81.3
Filter length (mm) 27.0 27.0
Tobacco length (mm) 56.0 56.0
Overtip length (mm) 32.0 32.0
Tobacco weight (mg/cig) 518 307
Density (13.5% moisture, mg/cig) 201 251
CORESTA, Centre de Coopération pour les Recherches Scientiﬁques Relatives au Tabac; D
product; mmWG, mm water gauge; PD, pressure drop.
King-size length was 83 mm (±4 mm). The circumference of all conventional products w
* Filter carbon in speciﬁcation rather than measured.MLE to nicotine to smokers of the 4 mg KSSS product. Within a
product type (KS or KSSS) the smokers of 4 and 7 mg cigarettes
obtained statistically similar nicotine yields.
When stratiﬁed by gender, we found no effect of gender on MLE
to either tar (p = 0.851) or nicotine (p = 0.741), (Table 4).
3.4. Smoke constituent yields
The results of the standard machine-smoke chemistry analyses
for each study cigarette are shown in Table 5. The primary objec-
tive of the study was based on the assumption that tar and nicotine
yields would be well matched across study products when
machine smoked under the ISO regime. The 4 and 7 mg products
were reasonably well matched, but the 1 mg products were less
well matched (ISO yields: 1.1 mg/cig tar and 0.11 mg/cig nicotine
for KS product, versus 1.7 mg/cig tar and 0.18 mg/cig nicotine for
KSSS product). The study products generally maintained the ISO
ranking for yields of tar and nicotine (1 < 4 < 7 mg pack tar band)
when smoked using the intense (Massachusetts and HCI) regimes,
though little difference was observed between the KSSS products
using HCI. The tar and nicotine yields obtained under the Massa-
chusetts smoking regime for the study products were most similar
to the smokers’ mean MLE to tar and nicotine.
Although no formal statistical analyses were performed, on an
observational basis the KSSS products tended to yield less carbon
monoxide, acetaldehyde, nitric oxide, acrylonitrile, benzene, 1,3-
butadiene and tobacco-speciﬁc nitrosamines, N-nitrosonornicotine
ketone (NNK) and N-nitrosonornicotine (NNN), but more formal-
dehyde, than the KS products (Table 5). The KSSS products yielded
16–45% less carbon monoxide than the corresponding KS products
under all machine-smoking regimes, particularly the intense
regimes (Table 5).
3.5. Pufﬁng topography
Mean values for total puff volume, mean puff volume and puff
number are shown in Table 6. Smokers of the highly ventilated
1 mg products had signiﬁcantly higher total puff volumes and puff
numbers than smokers of the other products (p < 0.001).
Within the 1 mg groups, there were no signiﬁcant differences in
any of the pufﬁng parameters between smokers of KS and KSSS cig-
arettes. Within the 4 mg and 7 mg groups, smokers of the KSSS
products had signiﬁcantly lower total and mean puff volumes thanKS 4 mg KSSS 4 mg KS 7 mg KSSS 7 mg
56 16 40 16
4 4 7 7
2.22 2.10 1.92 2.34
Triple Dual Dual Dual
7.1 10.3 15.0 11.0
12.4 – – –
7.1 16.6 12.0 16.0
63.6 61.2 38.9 40.5
45.0 25.5 45.3 24.0
82.3 130.9 83.0 149.2
26.6 26.9 27.0 27.0
56.4 56.1 56.0 56.0
32.0 32.0 32.0 32.0
592 318 663 319
228 258 252 258
WB, dry weight basis; KS, king-size conventional product; KSSS, king-size superslim
as 24.6 (±1 mm) and of superslim products was 17.0 mm (±1 mm).
Table 2
Demographic characteristics of smokers who completed the study.
KSSS 1 mg KS 1 mg KSSS 4 mg KS 4 mg KSSS 7 mg KS 7 mg
Number of participants 60 57 58 62 56 61
Gender
Male 31 29 28 32 28 31
Female 29 28 30 30 28 30
Number per age-group
21–24 years 16 13 17 15 8 12
25–29 years 15 12 18 18 8 12
30–44 years 24 26 14 19 35 31
45–50 years 5 6 9 10 5 6
KSSS, king-size superslim product; KS, king-size conventional product.
Table 3
Comparison of smokers’ mouth-level exposure to tar and nicotine across all study products.
Product Tar band (mg) MLE to tar (mg/cig) MLE to nicotine (mg/cig)
Mean ± SD 5–95th percentile Tukey’s ranking* Mean ± SD 5–95th percentile Tukey’s ranking*
KSSS 1 mg 1 9.4 ± 3.2 3.7–15.3 d 0.86 ± 0.28 0.41–1.44 d
KS 1 mg 8.9 ± 3.4 4.8–15.6 d 0.98 ± 0.35 0.53–1.93 cd
KSSS 4 mg 4 13.5 ± 4.2 6.8–21.2 c 1.18 ± 0.35 0.64–1.83 bc
KS 4 mg 16.7 ± 5.1 9.5–26.2 b 1.53 ± 0.48 0.71–2.41 a
KSSS 7 mg 7 16.8 ± 4.9 7.9–23.9 b 1.33 ± 0.38 0.61–1.85 ab
KS 7 mg 19.5 ± 6.2 9.2–27.8 a 1.43 ± 0.50 0.63–2.14 a
KS, king-size conventional product; KSSS, king-size superslim product; MLE, mouth-level exposure; SD, standard deviation.
































Fig. 2. Box plot of mouth-level exposure to nicotine in all smoker groups. Bottom,
middle and top bars represent the 25th, 50th and 75th percentiles; bulls eye
indicate the mean values; mean value labels included in plot; asterisks indicate

























Fig. 1. Box plot of mouth-level exposure to tar in all smoker groups. Bottom, middle
and top bars represent the 25th, 50th and 75th percentiles; bulls eye indicate the
mean values; mean value labels included in plot; asterisks indicate outliers. KS,
king-size conventional product; KSSS, king-size superslim product; MLE, mouth-
level exposure.
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the 4 mg KSSS cigarettes took fewer puffs than smokers of 4 mg
KS cigarettes. However, this was not observed for the 7 mg group,
in which puff numbers were not signiﬁcantly different when com-
paring KSSS and KS cigarettes. The greatest puff volumes and num-
bers were seen in smokers of 1 mg products. Smokers of the 4 mg
products tended towards having higher total puff volumes and puff
numbers than the smokers of 7 mg products.3.6. Average daily cigarette consumption
Comparison of mean self-reported average daily cigarette con-
sumption at screening with that recorded in the diaries during
the study found no statistically signiﬁcant differences withinsmoker groups (Table 7). However, the average daily consumption
recorded in the diary for each product was higher than that self-
reported at screening, by an average of 0.9–1.7 cigarettes.4. Discussion
Previous studies have demonstrated yields of some cigarette
smoke toxicants in superslim format cigarettes are lower com-
pared with those from KS circumference cigarettes, giving rise to
concerns that superslim cigarettes may be considered by consum-
ers as being ‘less harmful’ than conventional circumference ciga-
rettes (Siu et al., 2013; Mladjenovic et al., 2014). However, data
on actual exposure of smokers to mainstream smoke components
from superslim cigarettes are lacking (St Charles et al., 2010;
Table 4
Comparison of mouth-level exposure to tar and nicotine across all study products stratiﬁed by gender.
Product Gender MLE to tar (mg/cig) MLE to nicotine (mg/cig)
Mean ± SD Tukey’s ranking* Mean ± SD Tukey’s ranking*
KSSS 1 mg Male 8.9 ± 2.9 e 0.81 ± 0.26 e
Female 10.0 ± 3.4 de 0.91 ± 0.30 de
KS 1 mg Male 8.7 ± 3.0 e 0.95 ± 0.32 de
Female 9.0 ± 3.8 e 1.01 ± 0.37 cde
KSSS 4 mg Male 13.9 ± 4.4 bcd 1.21 ± 0.37 bcd
Female 13.0 ± 3.9 cd 1.16 ± 0.33 bcd
KS 4 mg Male 17.2 ± 5.4 ab 1.60 ± 0.53 a
Female 16.2 ± 4.6 abc 1.46 ± 0.43 ab
KSSS 7 mg Male 17.0 ± 4.8 ab 1.34 ± 0.37 abc
Female 16.6 ± 5.0 abc 1.32 ± 0.40 abc
KS 7 mg Male 19.2 ± 5.8 a 1.42 ± 0.50 ab
Female 19.8 ± 6.6 a 1.45 ± 0.51 ab
KS, king-size conventional product; KSSS, king-size superslim product; MLE, mouth-level exposure; SD, standard deviation.
* Same letter indicates no statistical difference (p > 0.05).
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mine whether decreasing the cigarette circumference from 25 mm
(conventional king-size format; KS) to 17 mm (superslim format;
KSSS) inﬂuenced MLE to tar and nicotine in cigarettes matched in
ISO tar and nicotine yields. The part-ﬁlter analysis method (St
Charles et al., 2009) was chosen to measure MLE to tar and nicotine
in smokers in their everyday environment as this non-invasive
method has been shown to produce reliable estimates of tar and
nicotine MLE (Shepperd et al., 2006), which strongly correlate with
biomarkers of nicotine and other smoke constituents (St Charles
et al., 2006; Shepperd et al., 2009; Morin et al., 2011).
Our results indicated statistically signiﬁcant reductions in mean
MLE to tar in smokers of the 4 and 7 mg tar yield KSSS products,
compared with smokers of the equivalent tar yield KS products.
However, mean MLE to tar in smokers of 1 mg tar yield KS and
KSSS products was not signiﬁcantly different. A possible reason
for the different observations in smokers of the 1 mg products ver-
sus the 4 or 7 mg products, could be related to the fact that the
1 mg KSSS format produced higher NFDPM (tar) yields under
machine-smoking conditions than those produced by the 1 mg
KS format. However, this was not the case for the 4 and 7 mg tar
yield products. Thus any potential reduction in MLE to tar con-
ferred by the KSSS product would have been offset by the higher
NFDPM yield of the 1 mg KSSS product versus the KS product. A
similar trend was found for MLE to nicotine, which tended to be
lower in smokers of KSSS cigarettes compared with smokers of
the equivalent KS variants at each of the three nominal tar levels.
The results of this study differ from those obtained in a similar
study conducted in Romania, in which mean MLE to tar and nico-
tine was similar between smokers of KSSS and KS cigarettes at each
of the three nominal ISO tar yields examined (1, 4 and 7 mg)
(Ashley et al., 2011). However, St Charles et al. observed a marginal
reduction in mean MLE to tar in smokers of a 17 mm circumfer-
ence, 100 mm length, 9 mg tar yield cigarette compared with
smokers of a similar tar yield, 100 mm length, 24 mm circumfer-
ence cigarette (St Charles et al., 2010). Consequently, one can con-
clude from the results of these three studies that smokers of
superslim cigarettes do not experience higher MLE to tar and nic-
otine than smokers of similar tar yield conventional circumference
cigarettes. Moreover, two of the three studies indicated that a
slight reduction in MLE to tar may result from a decrease in ciga-
rette circumference from 25 to 17 mm.
In our study of Russian smokers, signiﬁcantly lower mean and
total puff volumes were observed in smokers of the 4 and 7 mg
KSSS cigarettes compared with smokers of similar tar yield KS cig-
arettes. Consequently, this reduction in total puff volume mayexplain the lower mean tar and nicotine MLE values observed in
smokers of the 4 and 7 mg tar yield KSSS cigarettes.
Several differences in the physical characteristics were seen
between the KSSS and KS cigarettes. Open cigarette pressure drop
was markedly higher for the 4 and 7 mg KSSS cigarettes than for
the corresponding KS cigarettes. Consequently, resistance to draw
would have been higher when smoking the KSSS variants com-
pared with the KS variants. Studies analysing the relationship
between draw resistance and pufﬁng topography have shown an
inverse relationship between draw resistance and puff volume
(Dunn, 1978; Rawbone, 1984; Zacny et al., 1986). Thus, the higher
pressure drops, or draw resistances, of the 4 and 7 mg KSSS ciga-
rettes may have resulted in the lower mean and total puff volumes
observed for smokers of the KSSS products versus the KS products.
Tar and nicotine MLE data were compared between the differ-
ent ISO tar yield groups for both the KSSS and KS products. Both
KSSS and KS cigarettes exhibited signiﬁcant differences in MLE to
tar between the different ISO tar yield groups: 1 < 4 < 7 mg. Signif-
icant differences in MLE to nicotine were also obtained for both
KSSS and KS products, with a lower MLE in smokers of the 1 mg
versus the 4 mg tar yield cigarettes.
The correlation between MLE to tar and ISO tar yield, and to
some extent between MLE to nicotine and ISO nicotine yield, is
consistent with results from other studies using the part-ﬁlter
method to measure MLE to tar and nicotine in smokers
(Shepperd et al., 2006, 2009; St Charles et al., 2006, 2010; Nelson
et al., 2011; Côté et al., 2011; Ashley et al., 2011). The correlation
between MLE to nicotine and machine-derived nicotine yields
tends to be stronger than that observed between nicotine uptake
biomarkers (for example, cotinine) and nicotine yields. Examples
of nicotine biomarker correlations are provided in the National
Institutes of Health Monograph 13 (NIH, 2001). The relatively weak
correlations reported in many studies between nicotine yields and
nicotine biomarkers are likely to be caused by inter-subject varia-
tion in the metabolism of nicotine. Such a source of variation is not
present in nicotine MLE studies.
In studies that investigated the effect of gender on MLE to tar
and nicotine, three studies reported a tendency for higher MLEs
to tar and nicotine in male smokers compared with female smok-
ers of similar tar and nicotine yield cigarettes (Mariner et al., 2011;
Nelson et al., 2011; Côté et al., 2011). This gender difference in MLE
is consistent with the results of pufﬁng topography studies, in
which male smokers had larger puff volumes than female smokers
of the same cigarette type (Battig et al., 1982; Hofer et al., 1991;
Hee et al., 1995; Eissenberg et al., 1999). In contrast, we did not
observe any signiﬁcant differences in MLE to tar and nicotine
Table 5
Comparison of machine-derived smoke constituent yields.
Analyte Smoking regime Mean of 5 replicate data
KS 1 mg KSSS 1 mg KS 4 mg KSSS 4 mg KS 7 mg KSSS 7 mg
NFDPM (tar) (mg/cig) ISO 1.1 1.7 3.8 3.7 8.0 7.0
MASS 9.0 11.0 13.7 12.8 19.4 15.5
HCI 15.3 17.6 21.5 18.0 25.2 18.0
Nicotine (mg/cig) ISO 0.11 0.18 0.33 0.36 0.60 0.63
MASS 0.78 0.98 1.16 1.14 1.42 1.30
HCI 1.13 1.47 1.63 1.41 1.69 1.39
Carbon monoxide (mg/cig) ISO 1.7 1.0 3.8 3.2 7.7 5.5
MASS 14.2 8.2 14.9 10.1 17.2 11.1
HCI 20.2 12.8 22.7 12.7 22.7 12.6
Puff Numbers ISO 6.8 6.6 7.9 5.8 7.9 5.8
MASS 8.6 9.5 10.9 8.1 11.2 8.4
HCI 6.9 7.7 8.6 7.4 9.6 7.2
1,3-Butadiene (lg/cig) ISO 10.7 6.3 17.5 19.7 51.2 26.3
MASS 67.4 35.6 99.6 46.6 119.9 76.9
HCI 121.2 81.5 116.0 85.1 120.1 69.0
2-Aminonaphthalene (ng/cig) ISO 1.4 1.3 4.0 2.8 7.5 3.8
MASS 6.6 5.4 11.1 5.9 17.4 7.0
HCI 7.4 6.1 10.7 6.5 14.7 6.2
4-Aminobiphenyl (ng/cig) ISO 0.3 0.3 0.9 0.6 1.6 0.8
MASS 1.6 1.2 2.5 1.3 3.9 1.6
HCI 2.0 1.6 2.8 1.6 3.9 1.5
Acetaldehyde (lg/cig) ISO 72.2 38.9 138.8 130.1 301.1 229.6
MASS 386.7 237.3 527.2 410.3 751.5 513.3
HCI 896.9 599.6 842.2 619.2 961.5 614.7
Acrolein (lg/cig) ISO 4.7 3.5 9.4 14.2 28.8 29.9
MASS 37.3 30.1 56.9 54.1 91.2 71.6
HCI 108.1 83.2 101.5 83.0 120.1 83.2
Acrylonitrile (lg/cig) ISO 0.8 0.9 2.0 3.3 6.9 5.4
MASS 11.0 7.2 15.5 10.4 22.7 15.6
HCI 24.6 16.1 21.5 17.9 27.4 15.7
Benzene (lg/cig) ISO 5.1 3.8 9.2 10.0 24.5 15.7
MASS 38.2 24.2 50.2 30.6 68.9 45.5
HCI 58.2 45.4 57.1 46.5 73.9 43.0
Benzo(a)pyrene (ng/cig) ISO 1.8 1.7 4.9 3.5 7.0 5.3
MASS 6.0 6.3 10.7 8.4 13.9 11.6
HCI 8.3 9.5 12.7 10.3 14.9 11.3
Cadmium (ng/cig) ISO <RL <RL 2.4 2.2 7.1 5.9
MASS 7.3 3.5 10.5 9.5 17.1 15.8
HCI 22.4 18.4 26.5 19.1 38.1 20.1
Catechol (lg/cig) ISO 8.3 11.8 22.6 21.2 37.2 29.8
MASS 33.5 42.6 62.7 50.1 79.1 64.3
HCI 42.1 62.5 69.1 58.8 87.1 73.3
Nitric oxide (lg/cig) ISO 43.1 <RL 74.9 <RL 120.0 52.2
MASS 150.5 76.2 190.2 95.5 258.5 110.5
HCI 246.4 149.5 266.8 140.9 319.8 146.2
Crotonaldehyde (lg/cig) ISO <RL <RL <RL 3.5 4.7 9.1
MASS 5.8 8.3 10.0 15.7 20.3 22.7
HCI 32.7 29.7 29.0 29.8 35.5 29.8
Formaldehyde (lg/cig) ISO 1.6 1.8 5.6 7.9 12.9 23.9
MASS 7.5 15.4 18.2 33.7 27.6 60.0
HCI 24.8 74.5 44.5 68.5 46.0 76.1
Hydrogen cyanide (lg/cig) ISO <RL <RL 9.9 27.0 37.0 68.5
MASS 92.4 76.8 141.0 138.5 194.1 178.5
HCI 235.9 188.3 258.9 170.4 269.8 188.1
Hydroquinone (lg/cig) ISO 8.1 9.8 19.7 19.7 34.5 28.3
MASS 34.2 36.5 54.9 48.0 75.9 62.2
HCI 50.5 53.9 66.5 58.1 87.6 70.2
N-Nitrosonornicotine (NNN) (ng/cig) ISO 19.7 12.3 34.3 22.1 84.2 30.1
MASS 93.1 51.4 121.9 66.6 170.7 71.0
HCI 155.3 108.7 168.9 102.5 213.6 105.6
N-Nitrosonornicotine ketone (NNK) (ng/cig) ISO 6.0 4.8 13.1 9.6 26.2 13.2
MASS 28.3 21.2 46.0 25.7 62.0 27.8
HCI 42.2 50.4 53.6 39.7 69.1 43.2
HCI, Health Canada Intense smoking regime; ISO, International Organization for Standardization smoking regime; KS, king-size conventional product; KSSS, king-size
superslim product; <RL, below reporting limit; MASS, Massachusetts intense smoking regime; NFDPM, nicotine-free dry particulate matter.
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Table 6
Comparison of smokers’ pufﬁng topography across study products.
Product Total puff volume (mL) Mean puff volume (mL) Puff number (n)
Mean ± SD Tukey’s ranking* Mean ± SD Tukey’s ranking* Mean ± SD Tukey’s ranking*
KSSS 1 mg 1111 ± 403 a 53.0 ± 15.9 ab 21.9 ± 8.0 a
KS 1 mg 1125 ± 336 a 52.2 ± 11.9 ab 22.3 ± 7.5 a
KSSS 4 mg 708 ± 230 c 47.9 ± 16.4 bc 15.4 ± 4.5 c
KS 4 mg 876 ± 216 b 54.3 ± 18.2 a 18.0 ± 7.9 b
KSSS 7 mg 591 ± 168 d 42.9 ± 15.0 c 15.2 ± 5.7 c
KS 7 mg 771 ± 240 c 51.2 ± 16.8 ab 15.9 ± 5.5 bc
KS, king-size conventional product; KSSS, king-size superslim product; SD, standard deviation.
* Same letter indicates no statistical difference (p > 0.05).
Table 7
Comparison of smokers’ average daily consumption of cigarettes across all study products.
Product Self-reported average daily consumption (n) Average daily consumption recorded in diary (n)
Mean ± SD Tukey’s ranking* Mean ± SD Tukey’s ranking*
KSSS 1 mg 15.4 ± 5.2 a 16.3 ± 5.1 a
KS 1 mg 14.0 ± 4.1 a 15.5 ± 4.3 a
KSSS 4 mg 15.7 ± 4.4 a 17.3 ± 4.8 a
KS 4 mg 14.3 ± 3.9 a 15.8 ± 4.1 a
KSSS 7 mg 16.0 ± 5.7 a 17.5 ± 6.7 a
KS 7 mg 16.1 ± 6.3 a 17.8 ± 7.7 a
KS, king-size conventional product; KSSS, king-size superslim product; SD, standard deviation.
* Same letter indicates no statistical difference (p > 0.05).
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effect in our previous study of KSSS and KS cigarettes in a Roma-
nian population (Ashley et al., 2011).
For mainstream smoke emissions, we found that the KSSS prod-
ucts tended to yield less carbon monoxide, acetaldehyde, nitric
oxide, acrylonitrile, benzene, 1,3-butadiene and NNK and NNN,
but more formaldehyde, than similar tar yield KS products when
smoked under ISO, HCI and Massachusetts regimes in agreement
with those observed for the superslim products versus the Cana-
dian Benchmark (Siu et al., 2013). Coggins et al. reported the effects
of reducing cigarette circumference from 27.1 to 17.0 mm on the
machine-smoked yields of carbon monoxide, nitrogen oxides,
hydrogen cyanide, acetaldehyde, and the nitrosamines N-nitrosoa-
natabine (NAT), NNN and NNK. Once data were normalised for
total particulate matter, lower levels of most of the smoke constit-
uents were seen with the smaller circumference cigarettes, except
for hydrogen cyanide, which increased as the circumference
decreased from 27.1 to 17.0 mm (Coggins et al., 2013). In compar-
ison, in our study we observed inconsistent results, with the yields
of hydrogen cyanide being greater for the KSSS than the KS ciga-
rettes when measured under ISO conditions, but lower when mea-
sured under the Massachusetts and HCI regimes.
Based on the results of our two studies on the effect of super-
slim cigarettes on MLE to tar and on the results from several main-
stream smoke analytical studies, we would anticipate a reduction
in smokers’ exposure to many mainstream smoke constituents
when switching from a conventional to a superslim format of a
similar blend and tar yield cigarette. However, possible increases
in exposure to formaldehyde may also occur following such a
switch. Further studies measuring biomarkers of smoke constitu-
ent exposure are required to help determine the effect of reducing
cigarette circumference on the exposure of smokers to speciﬁc
smoke constituents. In conclusion, this study supports the previous
ﬁndings of Siu et al., 2013, who demonstrated reductions in a num-
ber of mainstream smoke constituents in superslim format ciga-
rettes when compared with conventional formats. We build onthese data by demonstrating that smokers of superslim cigarettes
do not tend to experience higher MLEs to tar or nicotine, than
smokers of similar tar yield conventional circumference cigarettes.
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